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AB- PROBLEM TO BE SOLVED: To reduce the threshold current of a nitride 
semiconductor laser element, by doping n-typc and/or p-type 
impurities in its active layer, and further, by forming a plurality 
of light emission peaks different from those of the longitudinal mode 
in its light emission spectrum. 

SOLUTION: On a substrate 1 of a nitride semiconductor laser element, 
a buffer layer 2, an n-type contact layer 3, an n-type clad layer 4 
and an active layer 5 having a multiple quantum well structure doped 
by impurities are formed. The well layer is not subjected to the 
growth accompanied by a uniform film thickness to be brought into the 
superimposing state of many irregular layers. This is caused by the 
reason that the irregularity originates from the concurrent 
generations of the large and small regions of its In composition. 
InGaN is the material hard to be subjected to the growth of a mixed 
crystal, and is the easy material to generate the unhomogeneous 
regions of the In composition, the local existences of electrons and 
holes, and the many light emission peaks caused by exciton light 
emission. When n-typc and/or p-type impurities are doped in its 
active layer 5, the excitons existed locally in its active layer 5 
are localized at further deeper impurity levels, the effect of 
exciton light emission is made remarkable to make its threshold 
current reducible. 
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[*SfFSf*©$Gffl] 

H95R81] -f>s>£Afc^tr£fb*M»^.fc?>feS 

i'K-T'SftT^'K *&C|ulBV— tfjR^OfS*^^ 
* h;i/*fctt«^-K©»#e-*fcttM&5«S©S5 

m^o io 

[i»3#S2J h5I31/— yjR^ClS^^^ h;i/©fS3t 
hT— lmeV~l 0 0meVMPH©|6fflrtlc*5 
d -TSUI Mm 1 tf3«oS<b»*»«:i/— tf 

T:fctK 1 x 1 0 18 /cm 3 ~l x 1 0 22 /cm 3 OilJST*b- 

- 7" * ft T V ^ 3 £ £ ft& i: -T S to *il 1 * fc 2 1 13 
«©aft;»*»»u— If*?. 

[«*IS4] BtIIBrSftS^{±pS^tl4 s K-^^ft 
Ti5 1>> 1 x 1 0 17 /cm 3 ~ 1 x 1 0 22 /cm 3 ©SJ£T* K 20 

- 7" 3? ftT \ ^ d £ *&WL £ f 5 if *B 1 75 IS 3 © |*J © 
l^ftfr 1 EtCiE*ffl3fb*B¥*ttl/— tf 

[0 0 0 1] 

C^B^CDH-T^S^if] *^(i^bt)*#^ (In 
xAlyGa^x-vN, O^X, O^Y, X+Y^l) J: t) & 
3U— tfJfrffcH*-*. 

[0 0 0 2] 

[&*©&ffi] fSttSCS ij^K-T-^ftfcU— tf*? 

£fM¥7 - 2 9 7 4 9 4^£«fcffi«$ftTl^. 30 
£©&«£14G aNi 5*SJRJP©ffV^SttHC S i £ 
K-rbTMfii««ES^gTS*S^i:*»R|*$ftTV^ 

So 

[0 0 0 3] b*>U lu!B^©J;d{c, #-Jf©J8tJP 
#09*.ttO. l/zmW±t.feSJPJKfflSttJiS^-rS5lt 
?1gjiT-fitB^* s S<, I/— tf«fi*-&S©tt^K:B 
HT-feSo SfcrSttl £#-Mff#l 0 0*>*\X h- 

«jt©sffi»*wt-5u— tfjRw &\z.imm¥8- 

6 4 9 0 9^«tIB**ftTl>S. £©&*fcfclU # 40 
F» £ Z ntf H-T'Sftfe^S*? #P«S©Stt)i* 
ttSI/- tfJK^KfteftT*!)* #PltMiffl 

*-Wfc*tt*FiMSfcJ&lSbTx B8fit«ifc£{gT£-fc)-i) 
ifctfjjsSftt^S. S6C*fe, fiflB 3 P6-2 6 8 2 
5 7^fi«lCttInxGa,-xNJ:5«:S#pJii:, In 
v G a i - T N J; D & 3 »S» i: £*J1 b fcf-M?#pfit 
£©«*S»*W1-S$6#*?#*«*ftT*»>, S&Cu 
©&*ttt«ttJBtnS^««S, *fcttpfi*tt«&l* 
-rbTfc&V^fcMBIftifrftTHS. 50 
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[0 0 0 4] d©«fc-5fcJitt»£n3L pSRWftfc K 

© mmmffi £ f£T $ # 2 ^ 6 ft T ^ 2) o 
[0 0 0 5] 

siEg{b«j*MM«:«fc»K svixmmiz&^T, mux- 

©4 1 0nm©V-1fM4lgglf: (0S*.fcJU Jpn.J. 
Appl.Phys. Vol35 (1996) pp.L74-76) . fSSb&l/- 
•tf *? tt V 19) 5 *ffi* h 7 -Y 7"Sffl V — tf *?T? & 

; > nGaNtf«I$nfe^il?#Pl 
3g © ffitt JB § * 1" 4 4) © T- $ £ o 

[0 0 0 6] bfrb&#<i>, HiifBSfb*B*ilW*U— tftt 
*£^;i/*IBiET? b*»£ < s bft>&HfigS%tt 1 ~ 2 A 
fefcS. S{b4»*»»T?3llKf5JSS*4&«>K:H:, HfflE 
MUZ £ h t fST £ jfcg#fc 5 o 

[0 0 0 7] S£oT, *^B^©g^i:t-5i:3^(±, g 
fb4»*»«:J:5«:5l/— tf*?©«3tUi*ft*», £ h 
KHtiMMKfc'hJ* < bT> SiTC©3»fc$gfifcB*&-r£ 

[0 0 0 8] 

[iwa*»*-rsfcK>©^a] *mm\y— tf»?f±, 

>i?^Aft^traib«i*»ft«t5 3&S#pJii:. #P 
i: tm» ^ftT^c-2) ^«»?#p «jt©fSttS * 
iz (± n ST«S«lSV/XH: P S^M^Ji 5 F - 7 $ ft T 43 
-FOfS^lf— fi:ttMftsa»©l6*K-^**-r« 

[0009] z t>iz*m%c»u—*fm?i±s fiffiu— tf 

JH?©**^^^ h;U©383tee— lmeV~10 
OmeV|BIIH©l6B8F«3C**ii:*»ai:-rs. *:*>\ 

©HUH^iFtBttiBffllHIKftS^fcSft-rtifflTtt&V^ 
[0 0 10] Seil:linS«tfF-7?n 
T*D, ^Onl^Wl x 1 0 18 /cm 3 ~l x 1 0 
22 /cm 3 ©i&KT- F^hWSrt^lSK, $ 
& C» S b < BU nS^tt«Jtt4U«: < *#F«lc H- 
rarftTl^Sifc^SSb^. 
[0011] Sfe, SttJBCttpS^tt!»* J K-7'*ft 
T*D, fCpaWfttflxlO'Vci^lxlO 
2 Vcm 3 ©aST-b*-7£ftT^3;:£#g£ L <U $ 
6C»tb< l±, pS**Mfctt'i>& < hi^p^t 
^$ftTt^^i:A s aSbV^o 
[0 0 12] 

[»W©mil©}K383 0 1 li*l§lo-»J(:i5 u 

— «f*?ffl*jt*^i-*afl«ift«faiaT?*s. s*^* 

KIJifcbTtts S«l©±t, ;^77l2, nf3> 
hi 3, nS^7^H14, ^Mf5* s K-7-^ftfe 
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Sf§2©pSJf7> £§3©p§!Jf8, pS3>**M9 

[ooi3] z.<du— vxtt&'vixnm&ULizftii 

(O^hfl/ftaaCSnt. H3Ci3^T (a) (±2 8 
OmA (MfiftiSSK (b) {±2 9 5mA, (c)t±3 
20mA, (d) li3 4 0mAf£D^^^b^S 

utoSo (b) % (c), (d) immmo*^ y 

[0 0 14] (a) tt!6fiifi«fiD^^b;i/S*U C 
<OttJBT?tt*SJ:-t4 0 4. 2nmftit:fe5£Mt- 

— Y) HiSbtb- »fl6fiitatott!B?fe 

ffifc±tf-6fc (b) C^1-J;3t, *©x^*h;u#'> 

ibD^-B-5i:> (c) C^f«t-5t» 4 0 3. 3 nm 
(3. 0 7 5 eV), 4 0 3. 6nm(3. 0 7 2 e 
V) % 4 0 3. 9 nm(3. 0 7 0 eV) , 4 0 4. 2 
nm (3. 0 6 8 eVK 4 0 4. 4nm(3. 066 
eV) kiOJ:5C, i^K-i'OiC, 3£K©*§ 
fc$M6K-*#lmeV~l 0 0meV©|fflPH"e^aiiJ 
K&m&&. (d) T?ttii5ffiK-*©flb£, £tz 

Sffeftb:— ^A'ttoS oiimab-risD- -n?>©^^ 

£ b;i^ll&-£T-tt&<BJi£fr£^e-b-©X^ b 
;i>i:M£3o 

[0015] -«!ic, **»i/-ifo»^ u-vmm. 

tit. \s— !f#©«^e-l*CJ:4'.h3&IS)tee-** J 

fT-{±, *©l85teli-*©lffllHB:*5.fc* 
0. 2nmT-feSo U-if ? tt*.fc* 0 . 0 

5nm (lmeV) fiiT.fftS «BU WfrMMfcl/- 

■ifoiK^-pttwtES^e o o/zmic*iv^ *mn 

A{C«t!)«J»Tth«**ife. 03 (a) % 

(b) ©«^ttam©^-if^?©^i&^^^"c^ 

•So b#U *»M©U— tfSR?©*^ (c) x 

(d) c^-j-«tacx we>*c!se*©i/— y*?©** 
- k Hi k- * t o fc«raiB"c e- * 
a^sa^i/t^s. c:na:ia3©«iiiEffi[t«t5^^ 

[0 0 16] &-tf, dCid^t-^^^Siilx- 
1f*?fflffl;to#liKfcS©*tt£*MfttfcV^ 0J;tt£ 

#pm(nmmi± 1 o o^->^x hb-abit, ft 
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*L<tt7 0*>Wha-AeiT, m*)ft£L<l±5 
1 5 0*>^* bn-AWTx »Sb<ttl0 0#>y 

Jf Lfetil^ #Pi, LT 
43&-j\ [Sdl©fc3Jl#$B£&»&^o;fcttli£:& 
oTHS. 12ttil©l/- !fSfrf£i>*V^SttJi5 4: 
KJBfc©#ra©tJW»&ffi*bTjj**-^W*WiB 

eit-&5o 0 2{z^-riat, ^©.t^^Daei©^?.^! 

rSftJf <fc &*i^>K¥+y:7©*gv>*5'.y H 

Cifeot, ^7^1«fliffllR*|qIi:ttt««©Pi*lRllciB 
bjito^tl^o £©fc«>, dr^'J^tf^Jl 0~7 0^> 
^7 ho-A[H]i!}M#&£3&^©I nGaNi^S 

4ot, (^©S^tfpWJIfcttSofc, g^S^tB 

1 0 Ome V©Hra-C#»©«3feK-*#«ffl3ftS. 

ffe©S4i:bTtt, E^£DInGaNi0«:5 
/jN£&J^«K*+y7#fflC&»S>;fiS©^ J.^f«> 

nso 

[0 0 17] d©«fc-5£ I nGaN#plt#» 

©Cflei#S8£*-SJlfi©— ofcl/t, I n^fiSi©®!*!^ 

^ns. fin-fe* #-#pJifl£*i>T, in 

pJBaSC^ROiaia^lS^-rs©^**. InGaN 
tt&B£jaft<**K<^»*4T?a^ InNhGaNi: 
StfllRlKfcSo £fflfc«>I nfijEK©^— & 

ffiatf-ess. fit, i©in*aEK©Bv>fa«t:«? 

*S/h>IB3tebTx I/— tf©tH*fflRl±U £ft©K- 
£&o-C#>i5t©£-*#fcB3au £ffl£S©e-*lCfc 

tm?©iiffi#T# *k aj;>3#[pj±-r£o fcis^ 

[0 0 18] gffeC, rSttJf 4Uln§mMfcUV'Xtt 

•a--S^i:A s T-§5o inftffl^tt** H-^tS^fcC 
J:!K ffittJS©Infifi6©*V>*«C®a{bUTV'>5i- 

*->h>*«x ^jett-eni5*$e>c8Rv^M»©i|affi 

[0 0 19] *f5W©I/— tf^?©«t4»H^V>TM^ 



5 

>F*>j*bT35D* B6BBu 0 6 A©*-#pJl©x 
*;i/3f— KSrJS^bT^-TfeOT-feSo fttJiBbfeJ; 

tfpJifcfc^T I nffljS©Iirt*J9-#&Si:0 
O^htt, B KSt i 9 Cf -© I n G a N#FliC 
n> KJf^ .^(Di&5 I nGaNS^#St5. 9£ 

GaNfi*C«%T, 4 IE?Li:?i 

IS£?-4£fcCJ:!>hv©:£*;v*— fclfcfcUl - *- -© 
dhHu *?i:IE?Li:##pJI*I©I n«J5K©#^1B« 10 
£B£{tbT, Sffii^>b>ft^U V— tf©IWfi 
©fiTSJftH-S- Htt#T#!)x ffi*#S < &3©ti£ 
©^ffii^S/h>©a*t«tati©Tfft4. *5>Kx - 
©#PJit:S i«©ni^«*, Zn^©p3PF&6f3£ 
P-^-f SifctJ;^, iiffilt^fc©?^ & 
(r^!6t)L^<;v©*{iA s -C-^So 06BT-(iS i i:, Z 

Sii^Wftll/^l/OJ-*^^-^**^**!*, ^© 
!3^ip{Mg*>s JEJLttpSTtt*©!/ 
-UHc&iSbT, ^-T-a^iiKLiitfS^bT, h 20 
v'<D&X>'\^^*)\'*-*WL\&1rZ>o £©££»« 

bfc^^r^ h >a*Ci 5 V— tffflHffijPTjPS©"?* 

s. #»©£— *#tH3afs©B\ c©^ffioi^ri/h> 

Cia*.Tx H*7cTOCfflta»?)nfc* : f*©Jft*tJ; 
5 ^ft©*^ iMftlffl ©IS3te#tH"C < 3 *» e> T- & £ . 
[0 0 2 0] nS^ttftttt, #J*.f£S:U Ge, S 
n, Se, S^lfSIiitft^S. pS^MUlCtt, 
0J;L{£Zn, CcL Mg, Be, CalSllf^ttf 
f§5. cift£©W$>£r£ttlf^ *Sfc*F* L< tt# 30 

i/^;i/©»*ftieci$^ ^> fih©:£*;i>¥— $tfc& 

'J^<bt, MfI£{£T£-e5;ri:#T-££o n 

[0 0 2 1] ft£#£b<ttn3PRi|tK UnffcSix 

fc, BM«ft£(IST;S*S I2 4i±#pjf 

CH-7l/fcSilSfc, Hfil««E©ffiT*©ffl-&£* 

©InGaN«t»)3&:S#pJB^ 7 0*>^ 

hn-A»Sfc*5H*JBLfc£SJ^#P>Biifflffitt 
JBfc£1-*l/ — !f5fr?K*>*UT, tuIB#PJf i£ 

0it^t<t7(:Si*K-7nci:i:J:!), HAS 
SKfcS*t?5 0 %£< {£T 3 3 o t£o 
T, JfSU^SilKtt, 1 x 1 0 18 /cm 3 ~l x 1 0 
22 /cm 3 ©^B£&fK S^tff* b<(45 x 1 0 ie /c 
m 3 ~2 x 1 0 21 /cm\ gfeg?£ U < tt 1 x 1 0 19 /cm 3 50 
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~ 1 x 1 0 21 /cm 3 T-&£o &£;i©0i£S ifcoUT 
^LfefeCt'feSi 5 , ftOnS^lft, Ge, Snfl: 

[0 0 2 2] 05li#pItK-7bfcMgIIi:, H 
«*«EfflffiT*©*l££ji*1-Blt?&S. cn*)|5]b<¥ 
*9Jgff3 0*->^* ho-A©I nGaN£>)&3#p 

bfc#M?#P«3£©SftJf V— tf»?££ 
UT, fu!B#P»*£MgfeK-7bfclB©I/-1f5lS : ? 
©Mf*©fgT©S!l£-£^bT:fc 5 , Ht^1-#^ttlll» 
fflMe«Kfe^bTV>5. d©E!C^-r<fc?£, Mg* 

SCh^T-gSo SF* U^Ms»KHU lxl0 17 /cm 
3 ~ 1 x 1 0 22 /cm 3 ©?EHtfe?), £6lC$F£L<ttl 
x 1 0 18 /cm 3 ~2 x 1 0 21 /cm\ g*$f^b<{ilx 
1 0 18 /cm 3 ~ 1 x 1 0 21 /cm 3 T-&5o d©Eltt 
MgtColv£jj*bfct»©"t?fcS#x i®pl^*S», Z 
n, CcL Be^fc#bTfc^«©«ft#&S;:i:*fll 

[0 0 2 3] 

[IWJ] ttT> MOVPESSffl^T, BUfcSvj-fc 

3t© v— tm?£f# s^isssiwrs. n 1 &*3gis© 

WC^TjjVfl n x Gai- x N N Al,Gai- ? N§©- 
(55Stt> #lC^b^«^©ffiM^^^bTV^tji^ 

#P-©ffiJ$£^fc©T-(;i#ibT&i>o 

[0024] [^wji] vyrjyfDAmz^mtt 

SSSlSfflilU £©St61£MOVPEg«0£«5 

gsrttiaabfcax jg«^cTMG (hjp<^# 

■J->A) 4:, 7>*=7*ffll\ £&5 0 O-C-e+f-7 7 
-f T&R 1 ©31® £ G a N «fc D & &rt v 7 rH 2 2 0 

IfflffiCCI, Rffl^©®*{4^Wt-S-y-7r'f 7#G6 
fflT'^v 1f7r'f7fflfltx >%lf*;H 1 1® (Mg A 1 
,04) x SiC, MgO, Si, ZnO, GaNW 

iSlt^n, GaN, A1N, A 1 G aN^FA 5 1 0 

0 0*>^ bo-AJJlTfflKfftfiE^nS* 5 , SSft 
«ji|£*ffi:«^affl5Ev^SS, 

b, •9-7 7^f7> ^K*;i/©j:-5c, mityn^mfotfa 

^^A s S*5»«*fflV^2>JS-&x ^|fl¥4-2 9 7 0 
2 3^&«fciB«5*ti5J:-5fc:, 2 0 0m, 900 

So 
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[0 0 2 5] ffi^XUmZ 1 0 5 0'CfC±(f, Jg**3tf* 
ICTMG, TMA > 7>t 

Si H-^"A10.3Ga0.7NJ;D3B:4iiS3>^ 
* h«3*4/zm©ffiJPl?riEfi***. 
[0 0 2 6] nl3>*^ hJS3tt3fc!Sta»Jli:bT 

nigfti*Sft, KlinSA 1 YG al-YN (0 
<Y<1) fc1"*;:J:CJ:!>, ffittJBi:©JB*T*it#:*; 

§<t-§> 3tiai:aK>jii:bT©^7v vis. &vmm 

3>** hJi*Al T Gai-rNi:1-4i2:lcJ: »K Stt 

T\ Mft^fiTI-So nl3>^^ hJB3SAlvGa 
i-»N S^J©Aliiiltt#/j%$<, rStt 

JBfflSCAlSilit^Sv^^ fip-&«JS«*5H8iti:-*- 

nS3>^^ hJiffl±C8Jir*Sft«MMW*©l£litt 

fc&<fcsfcto» i^£ft©^r B f£#a < & ?k m^t 

ttJf{i©AlrMllit#*§ofc«>£, rSf4Jl*:©S#T^ 
Mfe*S<&t>3feB&&»JlfcbT*»fcf1U8-rs. * 
tzs i©nS3>^^bJB3SGaNi:b-Ct»<tV^ G 
aN©i§£\ n«ffifcffl*-^ y^ftttlc-av^Ttt^m 
HflttxT^S. 3>*^ hJB£GaN4:1-4 4: % GaN 
n^nit fe&mtomiZA 1 GaNitJ^S^ 

3©§SJPtt0. Umfill, 5AmW"FfcBafiE-rs^i: 
#S£L^. 0. I sum&TT-$>Z>t, b>£i*Jli: 

[0 0 2 7] «EWC» ?fijg£ 1 0 5 O'CCftftU K*4 
3!f7icTMG > Ty^-Ts ->7>^i&ffl^t, Si 
K-7nSGaNi!))&SnS^7 9 1*JB4*5 0 0* 

>^ hD-A©K»-ejas*#*. 

[0 0 2 8] ;fflnS^r; KJ1 4 & nJHI©}fe;*M K 
ft< *J;V«ttHlClnGaNfcj$ft3*5«ffl-rW7 
rJffcbT^fflU nSGaNCi, nSInGaNS 

CttO. 0 5 /imttTCif T-fiSS^t 5 ^ i:* 1 !* L 
^. B5E©J:aC3>*»hJi2SGaN-Cfi8S 
S*fc»^ :0nf^7vF14lt #H!bii#>Jlh 
U Tf^ffl * * 5 fe »C A 1 G a N Tf fltfi* * 4 jBB* 5 * 
•So A 1 GaNfCSn, HJPiO. 0 1 /zm~0. 5 
Atm©|RffTfj«g$**C4:#a*Ul^ 0. 0 1#m 
«tD»V^4:3tlBta»«fcL/TfffflUlC< <, 0. 5a 
m=fc D &JP^i:*SH*£^ y *#A & ^-rv^lSlqllcfe 
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[0029] tfig& 7 5 0*Ct LT, m#iJXtz 

TMG, TM I (h'J^^l^f >^«>A) , T^^d 
7% Wtl^i:lT'>7>^^^TSi^K-7 
bfc«£Jf 5 Mf5tt, *-fSifcl 

x 1 0 20 /cm 3 ©itJgT-F-7bfcI n0.2Ga0.8N«fc 
S&3#P"Jf £ 2 5*>^ bn-A©JlJPT-i&S£-e 
5o &£*>7>#;*£ittf>T^ TMI©^;i/Jfcfc£{b3 
■&3©*a?l5l— iBfln?» K-7"I nO.01GaO.95N 
10 «fcD3fe5BiSfli*5 0*>^M3-A©JKff-ejESS* 
*5. dfflSlflsfcl 3®»»>SU S«fc#FJlSJ«g 
£-t*-fcgJ8IJP0. 1 ^mffl^M»T#P«jtJ;t)^SfStt 

[0 0 3 0] rSf4Jf 5ii, hfc#pJI#I nSt 

fc3fb«*^*£tr#s«?#F*£i:i-*. 

!K *9m<Dta$, #F/f#In£^trg{bWg&T- 
fllfiRSftTufttt* PPSJf tt#pJf <£ 5 K y 
ra^SW-ftttftC I n££tJ«&fitt&^. ff£ b < 
20 tt % InxGa.-xN (0<X^1) iD^5#F|i:, 
In X 'Ga,-x-N (0£X'<1, X' <X) J:t)*S»a 
»i:S«lbfc«iii:1-S. H7ciIii©I nGaNfcfcH 

^+y7i*M-S*Kl/T, #P + |S$g + #P + 
• • • +»£+#fjb (*©&?* j;^. ) bft&£$ 
C«HbT£S*?#F^»£S«fiR1-S. #fJ1©1BIJP 

30 IlO^t»15 0i">^ho-A)-)lT, ??>i:aS 
b<ttl 0 0*>yz hn-AWTCDffStWfifSi 

£;fc«|S|gJl#l 5 0^>^hD-A«tHS 

?{CrSI4Ji£InGaN£«JIb;feMQWi;T}-3£:, S 
^{4^^T-i^3 6 5 nm~6 6 0 nmWTf©asffi* 

T, M*©Jl^InGaN^t-?.i:> InGaNIt G 
aN, AlGaNgiilClfc^TlgatflEe*^. ^©fc 
40 »SBlfflp3!JlT?&3AlGaNCDff$&ff<T?§4© 

f U — tf ^Stf^ST- S 5 . * fc n S^^tJ(i*HS£^J 

[0 0 3 1] fSffiJl 5 ©Jgypti, nS3 >^ ^ bJS 3 * 
A lrGai-yNi: lf;®p, 2 0 0t>^hD-Att 
±^ *6lC»*l/<tt3 0 0*>^hP-AW±©R 
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[0 0 3 2] Jg*4#*fcTMG, TMAv 

-;i/V^v"j7A) fcffl^T, Mgh'-7pSA10.2 
Ga0.8NJ;')&3!f51©pSJf 6£ 1 0 0*>^7, h 

[0 0 3 3] Sgl©pSJS6(iAl£^trpM©^fctl 10 

©AlvGa.-vN (0<Y^1) £££fi£-fe»-3 C £WM 
£b^„ dCDAlGaNttatJE^S^acDp 

L<ttlO*>^bD-Afil±, 0. 5/imUlTCU 
S-TS. ^©SBl©pSJB6SStt»5CfiibTJB«-r 

Sgl©pSJf 6f£ilBfCs SMClnGaNWit 

fcttWC&S. Sgl©pSJi6(i:&?£b< 1 0*>^ 20 

[0 0 3 4] &£ N i&jg£l 0 5 OXCU TMG, 7" 
>*=7\ Cp2Mg£ffl^T, MgF-7pSGaN 
J;>5&£^2©p§yjf7&50 0*>^* hP-ACM 

[0 0 3 5] ^©»2©pSfl|7ttpJiffiJ©3fc#'n<Ji 

gb< H7t y 7 r ig 4: L tflUB U *? £ b < (±-^?m 

SfcttHTctSftOlnvGai-TN (0^Y<1) 

^t^. i20 P SI7lt iSttJlfiDK»#»^»££ 30 

SIS 6 4 s A 1 G aN^pcfc 5 &3©T\ d©JS#A* 'j7r 
H©«fc-5&flU8SLt\ #Mft£i*Sig3©pMJS8 
^7^S<M<MT'^ 0 ol!), A 1 G 
&N(D±lzmW^> K^f-V fT'tf^tMA 1 GaNSi 

lGaNfc*7^*#A!>*-r<&4©T?, 3©g§2© 
p&Ji 7 fcfl-rs^fcKJ: 5*7* < bT 
V^S. i2cD P S17ft ami 0 0#>y*hn-A 

~0. 5^m)gS©MffT-fiXft^-y-?.c:hi) s aSbV^ 40 

c:i:*>T?& a. 

[0 0 3 6] *t % fi£fc 1 0 5 0°C£±tf> IC&tf* 
tTMG, TMA, 7>*-T^ 7*-fe7*— ^Ifttli: 
UTCp2Mg£fflCvt, Mg H-7"A10.3Ga0.7N 
J:»)fcS£3©p3!«8S0. 3^m©JRfftfJEKfiS-& 

[0 0 3 7] f&3©p§ijf 8«U A 1 S^trSfli*** 

ttT?«lSU »*U<tt-7GSft*fcttH7CSil©Al 

vGa,-vN (0<Y^1) £fi8fi£-&5. ^3©pS)S 
8tiU 3tSUii»Jii:bTf^fflU 0. l/zm-l/zm 5( 
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(DmmX'f&&Z-£Z>Z£&M£L<, AlGaN©£? 

\s<%mtik&>mh\.xitmho c©^3©psn* 

rSttJS 5 4 I nfc£tf2fti*l¥*tti: bTl>£fc»£, 
j&gqJtfcii&S. I nG aNfc£triSttJS#« 

»Jf © i 3 &fM£-r AlGaNSffRTftf 

s*-b-^i-<j&s. a»CAis^trafb«i*»»Jiffl± 

c, m&ytmt&isbmttezzotiimmx, Ais^tr 

[0 0 3 8] i^T> 1 0 5 0°CT'TMG, T>^6- 
7> Cp2Mg£ffll\ MgH-7pSGaNi!3*!5 
pl3>**H9S0. 5/zm©JKffTJ«£3*S. 

[0 0 3 9] pS3>** hjf 9tt*SEfcSA-rSJBT! 

pS©Sft»ift(InxAlvGai-x-yN, 
0^X, 0^Y, X+Y^l) T-«fiK1-2»3i:tfT-§^ 
InGaN, GaN, ^ffeMgS: K-T'bfcpS 
GaNttSi:, g&*^D7ilE©l«^pSJi#f#£> 

liNi, Pd, Ir, Rh, Pt, Ag, Au3£©lt$e 

[0 0 4 0] w±o«t-5t:btaft«»*»fr***b& 

±I©pS3 MB 9 «t 5a«3i v^>^*ffv\ 
nS=i>*^ hjf 3©3lffl£gtii£-t!\ StBbfenS=i 

>^^M13^, psn>^^ ms9 ^©aac^ti^e 

Rfflfr^i-^fSIBbT, ;t-ttCL, <*&C:Xh 

^ -y 7&(Dmm t itx-r s c u -if ©£M 

U tttS^ft{±6 0 0>tzmi:-r?.o f&?£fcfi£l\ 

h7>f 75R©*ffifc ¥ff&ffiiatf •> :n-^£#I0 bT 1/ 

»BU )II*tp]ll^3 2 OmAGHVbXfffi&Ufrltt 
03 (c) fc^1-£?&»jijft{i«£2gftbf- 
*£*f*-S!/— !f*6ffifcjj*U ?S£JB£*tt*lfc 
bTV^JS:V^^— tf^tttttUTx HfiLttSKti: 5 0 %<£ 
TU ttl±rii3 0%[pl±bfeo 

[0041] mmm 2 ] mmm 1 ©stt» 

lZiS^3-)W>>?*m^X, Zn^lxl 0 19 /cm 3 © 
iRKTf H-rUfc I n0.2Ga0.8N i D&5#P)BS2 
5^>^7xbD-A, y > K-7"I nO.01GaO.95NJ: 
9&3P$SJS£5 0^>^7x hD-A©Mj»T-fi£ft$-y- 

t, isib<^Mffo. i/zm©#mfi?#p«3i«fc?3^ 

0 0/zmCDl/— IfJR^SWfcfcc:^ filttJBt^ttft* 
I 5%ITU tHfcttl 0%tRl±bfco 
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[0042] immm3'\miimi<Dm&M&i&&$i£ 

3?i^-;i/S?>^SfflV^ S ifc 1 x 1 0 2 °/cm\ S 
VZn^lxl 0 19 /cm 3 ©jiS-e H-^Lfe I n0.2G 
a0.8NJ;l3&5#Fjf £2 5;t>^* hn-A, ^> 
K-n n0.01Ga0.95N«fc!5&.|>|SjigJl£5 0*>^ 
^bn-A©JBWTB8«$*T» ElXttlKffO. 1/x 
m©#Mg?#F#gji J: D &3rSftJf 5 5 fife 

tt, ^WcbT, tt!SSfi6 0 0AmfflU— tf*?Sff 
fefcC^ SftlgCTttftftK-T'bTV^VM/— if* 10 
TfcJtlSLT, Wfit*^(* 6 0 %®T U tB^7tt3 5% 

[0 0 4 3] 



[01] [02] 
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[HH©®#^^] 

[0 1 ] **BUBffl-gSJK0!Hc«i l^— if*?©*3i£ 
[0 2] HlfflU— tf*?©ffittJiMiSSli;^bT^ 

■r«a»siia. 

[0 3] *#6HBfflU— tfjR^C^^aSS&JEbfclS 

[04] mttJitrF-rbfeSiaffii:, u— !fs*? 
©Hfil««EfflfiT*i:©H«S^1-|a. 

[05] majscF-rbfeMgaei:, u— y** 

[0 6] *ftW(D]s—Vm?<D#PM<D^*)\'lc-^ 
>K0 O 
[W^fflKW] 



1 • 


• -ss 


2 • 




3 • 




4 • 


• • ni^ -5 \y FJf 


5 • 




6 • 


• •SSlfflpSiJl 


7 • 


• -^2©pSJl 


8 • 


• -^3fflpll 


9 • 





[04] 



CM 




10" to' 7 10" 10 1 » 10» 10 21 10" 10 23 

si a a </«> 



l0 1« ,„« ,0 ,B 10 19 lO 20 lo" 10 22 I0» 



(8) 



ttmw- 10-129 



[03] 



1" (*) 280 mA 

491 403 404 40$ 406 
Wivdcaglh (nm) 


I' 

I 

: ,,1 

491 4*3 

W.T. 


(c) 320 mA 
404 405 406 


f; 

.1 

402 403 404 405 4N 
Wavelength (nm) 


i (d)340 mA 

i.A. . 

403 403 404 405 4M 
Wrvdeajfti (am) 



[06] 




